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(S) Polycrystalline diamond tool and method for producing the polycrystalllne diamond tool 

(57) Polycrystalline diamond has non-uniform quality along the direction of thickness. The diamond near 
the rake surface is of better quality. The diamond near the fixation surface is of worse quality. The worse 
diamond near the fixation surface alleviates a strong stress or absorbs an external shock. Owing to the 
worse diamond near the fixation surface, the diamond tod excels in chip resistance or toughness. The 
better diamond near the rake surface heightens abrasion resistance, adhesion resistance and strength. 
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This invention relates to a polycrystalline diamond tool which excels in strength, abrasion resistance; chip 
resistance adhesion resistance and heat resistance and is suitabl for cutting tools or abrasion resistance 
tools. 

All polycrystalline diamonds for tools have hitherto been produced by the sintering method. Namely. 
5 diamond powderpolycrystalline diamond granules - is charged in a mold, is put under high pressure, is heated 
to a high temperature and is kept for a certain time at the high temperature under high pressure. Diamond 
granules are coupled togeth r by the action of the heat and the pressure. Thus powder is integrated into a body. 
The shape of the sintered body is determined by the mold. Sintered diamond has been used on cutting devices 
for nonferrous metals, drill bits and drawing dices. 

10 For example, the Japanese Patent Publication No.52-12126 disclosed a sintered body of diamond including 

cobalt by about 10 to 15 volume percent which was made by sintering diamond powder being kept in contact 
with the cemented carbide of group WC-Co ( tungsten carbide- cobalt J.drffusing some part of cobalt into the 
diamond powder as a bindei metal. The sintered diamond body including cobalt as solid solution is gifted with 
a practical utility for cutting tools for nonferrous metals. In general, since diamond has the tendency to be alloyed 

1 s with iron or steel, diamond tool is not used on cutting ferrous metals. 

However, the sintered diamond has a drawback of the poor heat resistance. The abrasion resistance and 
the strength of the sintered body of diamond are greatly lowered by being heated above 700°C. The sintered 
body of diamond is destroyed by being heated above 900°C. 

Single crystal diamond or polycrystalline diamond has high heat resistance. Why is the heat resistance of 

20 the sintered diamond so poor ? One reason is that diamond is partly converted to graphite on the boundary 
between the diamond granules and the cobalt solid solution at high temperature. Conversion of diamond into 
graphite lowers the strength and the abrasive resistance, because graphite is weaker than diamond in strength. 
Another reason is that the difference of the thermal expansion between cobalt and diamond generates strong 
thermal tension at the boundary between the diamond granules and the cobalt solid solution. 

25 To improve the poor heat resistance of the sintered body of diamond, the Japanese Patent Laying Open 
No.53-1 14589 proposed a sintered body of diamond which is rid of cobalt as a binder metal by treating the sin- 
tered diamond body with acid. The sintered diamond body must be immune from the problems of the graphite 
conversion and the thermal tension which would occur at the boundary of the diamond granules and the cobalt 
solid solution, since the sintered body includes no cobalt However, the sintered diamond body without cobalt 

30 becomes severely porous, because the spaces where cobalt has occupied are left as holes after cobalt is solved 
away by acid. Although the heat resistance is raised by washing cobalt away, the mechanical strength of the 
sintered body is lowered because of the porosity. The diamonds produced by the sintering method are accom- 
panied by these drawbacks. The sintering method at present cannot satisfy the requirements of both mechani- 
cal strength and heat resistance. 

35 Recently, a new technology which enables us to synthesize diamond polycrystals chemically from vapor 
phase has been developed. This technology is called a chemical vapor phase deposition ( CVD ) method or 
simply a vapor phase synthesis. The method comprises the steps of diluting hydrocarbon gas of less than 5 
volume percent with hydrogen gas. introducing the mixture gas into a reactor under the pressure of several 
tens Torr ( several thousands Pa ). exciting the material gas for resolving it to an active state by some means 

40 and depositing diamond on the substrate heated at a certain temperature. With regard to the means for exciting the 
material gas. various means have been proposed, e.g. heating by filament heater or exciting the material gas by 
electrons or plasma. Some different CVD methods have been proposed according to the means for excitation 

The Japanese Patent Laying Open No.58-91 1 00 ('83) proposed a method comprising the steps of preheat- 
ing the material gas by a hot electron emission material heated above 1000"C. introducing the preheated ma- 

45 terial gas onto a heated substrate, resolving hydrocarbon to active states. e.g. ions, electrons and neutral 
radicals and depositing a diamond polycrystal on the substrate. 

The Japanese Patent Laying Open No.58-11 0494 (*83) proposed a method comprising the steps of exciting 
hydrogen gas into plasma by the microwave electrodeless discharge, mixing the plasma-excited hydrogen with 
hydrocarbon gas and depositing a diamond polycrystal on a heated substrate. 

so Thus, there are various kinds of the CVD methods for growing diamond crystals according to the means 

for excitation 

Diamond polycrystals are grown by the CVD methods. There are two ways for applying the diamond polyc- 
ristals to tools One is separating the diamond polycrystal from the substrate and fitting the diamond polycrystal 
to an end of a tool. The other is depositing th diamond polycrystal directly on an edge of a tool instead of a 
55 substrat . The edge of the tool is r inforced by the diamond coating. 

Japan se Patent Laying Open No.1-153228 ('89) and the Japanese Patent Laying Open No.1-210201 ('89) 
proposed a method for producing a diamond tool comprising th steps of depositing a diamond polycrystal on 
a substrate by a chemical vapor deposition ( CVD ) method, etching the substrate away with acid or other per- 
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tinent solution and fitting the separated diamond polycrystal to an edge of a tool which is made of metal. How- 
ever , the diamond tool consisting of a diamond adg and a metal body lacks chip resistance and abrasion root- 
stance. The ■ chip resistance " is here defined as the strength for keeping its shap against an eaternoj check 
without being cracked away. Low chip resistance means being likely to be cracked by an axiom©! stack Tho 
" abrasion resistance ° is here defined as the strength against abrasion. Low abrasion resistanca moans tebtg 
likely to be abraded easily. Intrinsically diamond should have high abrasion resistance and high chip rootetemcQ, 
but the diamond crystal synthesized by the present CVD methods is not endowed with the high abrasion toaC 
stance and high chip resistanc by some unknown reasons. 

The tools whose edge is coated with polycrystalline diamond have also been proposed. On wholo of a tool 
or on a part of a tool as a substrate, diamond polycrystal is grown by the CVD method. Sine© th© edgo of th© 
tool is coated with diamond, the edge would have enough strength. However, the CVD coated toola in practice 
show poor performance - weak strength, low chip resistance and low abrasion resistance. The reason of th© 
poor performance is partly because the diamond polycrystal is too thin, partly because the adhesion fore© be- 
tween the diamond and the tool metal is insufficient and partly because the diamond is likely to peel off from 
the metal surface. However, it is difficult to heighten the adhesion strength, since the tool metal and the diamond 
are totally different with regard to many physical or chemical properties, e.g. crystal structure, conductivity, ther- 
mal expansion. 

The Japanese Patent Laying Open No.2-22471 ('90) proposed an improved CVD coated tool. Th© adhesion 
strength is heightened by coating a cemented carbide tool with an improved diamond compound. However, 
such a diamond coated tool often shows poor cutting performance dependent on the roughness of the object 
to be cut. Further, the cutting performance of the tool is totally insufficient, when it cuts the hard objects with 
high cutting resistance, e.g. Ai - 17% Si alloy ( Al 83%, Si 17% ), Al - 25% Si alloy ( Al 75 %. Si 25 % ). 

One purpose of the invention is to provide a polycrystalline diamond tool with high strength, high adhesion 
resistance, high heat resistance, and high abrasion resistance. 

Another purpose of the invention is to provide a polycrystalline diamond tool which excels in chip resistanc© 
and abrasion resistance for cutting the hard objects with high cutting resistance. 

Another purpose of the invention is to provide a method for producing a polycrystalline diamond with high 
strength, high adhesion resistance, high heat resistance and high abrasion resistance. 

Another purpose of the invention is to provide a method for estimating the diamond polycrystal. 

To achieve the foregoing objects and in accordance with the purpose of the invention, as embodied and 
broadly described herein. 

The polycrystalline diamond tool of this invention comprises a tool body with an end having an end surface 
and a diamond polycrystal plate for fitting on the end surface of the tool body. The diamond polycrystal plate 
is more than 40 ji m in thickness. The crystalline property of the diamond plate changes along the direction 
vertical to the surfaces. The crystalline property near the rake surface is better than that near the fixation sur- 
face. The better crystalline property near the rake surface gives the diamond plate high strength, high abrasion 
resistance and high adhesion resistance. On the contrary, the worse crystalline property near the fixation sur- 
face heightens the chip resistance by alleviating the stress applied on the rake surface, since the worse crys- 
talline property heightens the toughness because of the low rigidity owing to the numerous lattice defects. 

Both the diamond near the rake surface and the diamond near the fixation surface cooperate to give the 
tool ideal characteristics by compensating the weak points of the counterparts with their strong points. There- 
fore, the essential feature of this invention depends on a complementary principle between the rake surface 
and the fixation surface. 

The word ° diamond ° used herewith includes non-diamond ingredients besides pure diamond ingredient 
Since the diamond is deposited by the CVD methods, non-diamond ingredients ( amorphous carbon, crystalline 
carbon of non-diamond crystal structure, e.g. graphite ) are deposited at the same time with the diamond dep- 
osition. A good diamond means such a diamond almost free from non-diamond ingredients. Furthermore, with 
regard to the crystalline property, a good diamond means a diamond with perfect crystalline structure almost 
without distortion or lattice defects. 

A bad diamond means such a diamond having enormous non-diamond ingredients and many lattice defects 
with imperfect crystalline structure to the contrary. 

While the CVD deposited diamond of the prior art has uniform property, the diamond of this invention has 
varying property in the direction of thickness ( vertical to the plane ) : worse diamond near the fixation surface 
for being mounted on an edge of a tool and better diamond near the rake surface for cutting objects. 

In this case, characteristic values are required for estimating the quality of diamond. There are two charac- 
teristic values pertinent for estimation, 
©concentration of lattice defects ( defect concentration ) 
©density of non-diamond ingredients ( non-diamond density ) 
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The non-diamond ingredients mean amorphous carton, graphit , etc. Lattice defects mean crystalline 
defects in the diamond structure. Two values are of course different physical values but they are strongly related 
each other. For simplicity • the concentration of lattice defects " is expressed by " defects concentration *, and 
" the density of non-diamond ingredients * is expressed by ■ non-diamond density •. 

Although this invention has been defined by the properties only of both surfaces of diamond so far, this 
invention can also be defined by the properties of partial regions with a certain depth from the rake surface and 
the fixation surface. 

An easy method for fabricating a diamond plate with the properties varying in the direction of thickness is 
varying the quotient Q = ( B )/ ( A ) during the deposition, where ( A ) is the amount of hydrogen gas and ( B ) 
is the amount of hydrocarbon gas in the material gas of the CVD method. The quality of diamond is lowered 
by increasing the quotient Q. Otherwise, the quality of diamond is also lowered by decreasing oxygen gas in 
the material gas. Furthermore, increasing nitrogen gas in the material gas also worsens the quality of diamond. 

[ FUNCTIONS ] 



FIG.1 shows a simple example of a polycrystalline diamond tool. A tool body (1) is made from cemented 
carbide. A polycrystalline diamond plate (2) is fixed on an end of the tool body (1) by a brazing layer (3). The 
diamond plate (2) has two surfaces. The outer surface revealed outside is called a rake surface (4). The inner 
surface concealed by the tool body (1) is here called a fixation surface. In this invention, the crystalline quality 
20 is not uniform, but is changing along the direction vertical to the surface, namely along the direction of thickness. 
The crystalline property near the fixation surface is worse than that near the rake surface in this invention. 

The diamond near the rake surface shall be grown by suppressing the inclusion of non-diamond ingredients 
as little as possible. On the contrary, the diamond near the fixation surface shall be grown with an certain inclu- 
sion of non-diamond ingredients more than that at the rake surface. Otherwise, the diamond near the rake sur- 
25 face shall be grown by suppressing the occurrence of lattice defects. The diamond near the fixation surface 
shall be grown with increasing lattice defects by intention. 

In general, diamond with high non-diamond density has high defect concentration. However, there are two 
diamond films with the same non-diamond density which differ each other in the defect concentration. There- 
fore, the property of diamond should be defined by two physical values - by non-diamond density and by defect 
30 concentration, since two values are not always equivalent 

The diamond on or near the rake surface shall be synthesized as a diamond of better quality with lower 
non-diamond density or with lower defect concentration. The diamond on or near the fixation surface shall be 
synthesized as a diamond of worse quality with higher non-diamond density or with higher defect concentration. 

Because of the higher non-diamond density and the higher defect concentration, the diamond in the vicinity 
of the fixation surface has low rigidity and enough elasticity. This is important Enough elasticity or low rigidity 
can alleviate the strong stress applied on the rake surface by an object to be cut Namely, the diamond on the 
fixation surface plays a role of a stress alleviation layer or shock absorber layer. 

In the structure of the diamond plate, the rigidity is low near the fixation surface but the rake surface has 
high rigidity. The structure heightens the toughness of the diamond plate as a whole without lowering the rigidity 
of the rake surface. Because of the high rigidity of the rake surface, the diamond tool has high abrasion resi- 
stance. In other words, this invention enables the diamond tool to heighten the chip resistance without damaging 
the excellent abrasion resistance of diamond. 

For defining the Invention more strictly, the properties of the diamond will be now expressed by the three 
dimensional coordinate. The z-axis is defined as the direction vertical to the surface of the diamond. The x-axis 
and the y-axls are defined as two vertical directions both of which are parallel to the surface of the diamond. 
The non-diamond density at the point ( x, y, z ) is represented by W ( x, y, z ). The defect concentration at the 
point ( x, y, z ) Is represented by D ( x. y, z ). The original point of the coordinate exists on the rake surface. 
Then z = 0 means the rake surface. The thickness of the diamond plate is denoted by T. Thus z = T means 
the fixation surface. 

so For defining the invention by the non-diamond density, the non-diamond densities G a and H Q on the rake 

surface and on the fixation surface are defined by 

G a = JW(x,y,0)dxdy/S (1) 
H Q = JW(x,y,T)dxdy/S (2) 
S = Jdxdy (3) 

55 where S is the area of the surface of the diamond. The first definition of the invention is expressed by the 
inequalities. 

T > 40 n m (4) 
Gg < H Q (5) 
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u A~t~~> *A«^ntratinn th def ct cone ntrations U a ond V a on tho 
Otherwis for defining the invention by the defect concentration, tn ae. ^ □ □ 

rake surface and on the fixation surface are defined by 

Ur, = I D(x,y.O)dxdy/S (6) 
vl = J D ( x, y. T ) dx dy / S (7) 
5 S = Jdxdy (8) 

The second definition of the invention is expressed by the inequalities, 

T>40^im (9) 
U Q <V Q (10) 

However the values of the non-diamond density or defect concentration are not restricted to *»J*~ 

mond density ( x, y. T- e ) or the defect concentration D ( x, y, T- e ). where 0 < s T/2. Instead me meq 
is (5) or (1 0). this invention is otherwise expressed by 

Ge < He (11) 

of life time is more than 40u m in most cases mm FurtnermorBi 

and'ihe diamond plate would be Italy to be chipped and to be easily worn out. 
30 [MEASUREMENTS] 

n nn j;a m nnrf riensitv or the defects concentration in a diamond plate. 
Next question is how to measure the non-diamond density or me oe amorphous carbon. 

The X-ray diffraction analysis cannot measure the dens.ty of inventors think th 

carbon, graphite and crystals carbon f a " 
35 Raman scattering spectrometry is the most suitable techn '« U °£^^ wave ( pho ton ) inelasticaily 

in short, the Raman scattering ^^5^^,^^^^)^ diSerent wavelength is 
scattered in a matter excites a phonon and a photon ^, asti J ty scattere d is walled Raman 

emitted by the interaction between the phonon and the ^^^J^^^^y^ ,„ the case of liquid 
scattering tight Besides phonon. plasmon ormagnon '^^^^^^Sm^ The energy dif- 
- or gas. the interaction ^^^^^^^^ energy dLsncs between 
ference between the incident photon and the scanerea pnoio aDectruf n of the scattered light 

the ground state and one of excited states of the materia.. ^^^^T^^^JtB- 
gives us the information about the energy levels of the ^^^^^^^ are some eigen 
rials. e.g. pure graphite, pure diamond or P"^^ 
<s spectral peaks which represent the matenals. Then the Raman e ^ 
consists in an unidentified material. Since the Raman ^^T^E 3n scattering measure- 
be measured, it can teach us local fluctuations of compound ^^^^^^y^mm^i 
ment informs us the non-diamond density at any pent of * , wnpte. On information a local 
analysis depends on the periodic crystalline structure of a sample, we cannot o D «a 

devices for amptifying the tight intensity and process.ng ft ^ *S"* ; for xd , ng me 

The light of 488 nm or 514 nm in wave length of £gon . g fixed on ^ edg8 of a 

In this case, the exciting laser tight radiates the sample. ..ejhe i diamono p teed b me apec . 

tool. A Raman scattered light is emitted from the ^^^^S taSfuS Raman scattering 
trometer and is introduced into a photodetector. e.g. a multichannel detector. 
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measurement, the back scattering light is measured. However another method of the Raman scattering 
measurement called microscope Raman scattering measurement is also available in this case. In the method, 
the exciting laser light is focused into a small spot of tens of micrometers- in diameter on a sample by an optical 
microscope. The light is scattered only at the small spot of the sample. Thus the microscope Raman scattering 

5 measurement enables us to obtain local information of the sample. 

To confirm the features of the diamond of this invention, two spots must be examined by the Raman scat- 
tering measurement. One is a spot on or near the rake surface. Th other is a spot on or near the fixation surface. 
In the former case, the usual Raman back scattering measurement is available, when the exciting laser light 
shoots on the diamond sample at a right angle to the surface, because most of the Raman back scattering light 

10 comes from the rake surface. But in the case of the later case, the usual Raman back scattering measurement 
does not work, because the Raman scatterings mainly occur near the rake surface. In order to investigate the 
property of the fixation surface, the microscope Raman scattering measurement must be employed, because 
the exciting light can be focused into tens of micrometers in diameter at an arbitrary depth of the sample. 
However, in the microscope Raman scattering measurement, we must take caution against overheating 

15 of the sample, since the focused laser light is likely to overheat a point of the sample locally. The localized over- 
heating causes the change of the property of the sample or the shift of the peak of the Raman spectrum. Rigor- 
ous measurement requires cooling the sample by blowing helium gas to it, confirming whether the profile of 
the Raman scattering spectrum is symmetric or not, or confirming whether the shift of the peak in the scattering 
spectrum is induced by rising of temperature or by changing the output power of the laser. Further, sufficient 

20 adjustments of the optical axes of the optical parts and the width of the slit of the spectrometer are also required 
to heighten the resolving power of the spectrometer. 

There is only one first order Raman peak revealing at 1332.5 cnr* which is threefold degenerated in the 
Raman scattering spectrum of diamond. Second order Raman peak is as weak as one five hundredth of the 
first order peak in intensity. Thus, only the first order peak should be taken into consideration to estimate the 

25 quality of diamond itself. 

There are two different methods based on the peaks of the Raman scattering spectrum to estimate the 
quality of diamond. One is a method to estimate it by the half width of the peak corresponding to diamond. The 
other is a method to estimate it by the height of the peak. 

This invention uses the half width of the peak at the wave number of 1332.5 cnrr 1 to measure the defect 

30 concentration. It is known that defects, stress and disorder of lattice structure of diamond widen the half width 
of the peak at 1332.5 crrr 1 . On the contrary, highly crystalline structure narrows down the half width of the peak. 
Plenty of segregation of non-diamond ingredients conspicuously widens the half width. However even in the 
case of little segregation of non-diamond ingredients, the half width becomes broad, if the crystalline structure 
of diamond is forcedly broken, e.g. by the ion implantation. 

35 One method of the invention is to grow the diamond plate with defects changing along the direction of thick- 

ness. The defects ( dislocations, stacking faults ) can practically be observed by the Transmission Electron 
Microscope ( TEM ). The x-ray diffraction measurement gives us the information of the states of defects. 

The non-diamond ingredients defined by this invention include all carbon ingredients without crystalline 
diamond structure. For example, amorphous carbon, glassy carbon, highly disordered graphite having disor- 

40 dered lattice structure based on graphite crystal: e.g. activated carbon, or crystalline carbon, e.g. graphite are 
included in the non-diamond ingredients. The highly disordered graphite is mainly taken into consideration in 
this invention. Since the chemical vapor deposition methods grow diamond polycrystals from thermal non- 
equilibrium state, the segregation of the non-diamond ingredients accompanies the growth of diamond under 
some condition. In ordinary diamond growth, the non-diamond ingredients are only obstacles. But this invention 

45 positively makes use of the segregation of the non-diamond ingredients. Like diamond, the non-diamond ingre- 
dients are also active to the Raman scattering. The Raman scattering spectrum of the non-diamond ingredients 
has a broad peak between 1000 cnr 1 and 2000 cm- 1 in wave number. The position, width or height of the peak 
slightly changes according to the degree of disorder of graphite structure. However, other peaks except for the 
sharp peak of 1332.5 cnr 1 owing to diamond can be safely attributed to the non-diamond ingredients. 

so Here we define the invention by two different ways again. This invention is , 

(1) a polycrystalline diamond tool defined by the non-diamond ingredients in the diamond, or 
® a polycrystalline diamond tool defined by the defects in the diamond. 

[ (J) Definition by the d nsity of the non-diamond ingredients ] 

55 

A polycrystalline diamond tool comprising a tool body having an edge surface and a polycrystalline diamond 
plat having a rake surface and a fixation surface, the diamond plate being fixed to the edge surfac of the 
tool, the polycrystallin diamond plate being more than 40 \i m in thickness, characterized in that the polycrys- 

6 
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Polycrystalline diamond tool comprisina fter,!^ k Raman sca «ering spectrum. 

- Pla|e having a rake surface and a ZZ\2T^ diaZd^V^? ^ 3 

too,, the po.ycrysta.line diamond P .ate being more man 40 TmK- iT'" 9 ^ * ed9e 
( X, Y, ) of the peak height X, of the nonsliamon ^inqredtnt, Tn h cnaracteri ** " that the ratio 

scattenng spectrum at a point distanced from™ r2 fST h f ei ° ht Y ' ° f diamond in the **w£ 
of the average thickness or 40 n m is smaZthLn^l ? !- by 8 ,6SS 013,1 the s "°rter of either 30% 

» ground. e.g. owing to the fluorescence, finding 7 2^ ? ° PS ° f drawi " 9 3 base ,in ° * back- 
cm-1 ) and measuring the height of the pe* Zm t!« P83k 6XCept the P«* of diamond ( 133T5 

materia., broad peaks except me pea outmTd « ~ 7 ^ I 0 "" 1 " X Si " Ce «*» is Raman ac^ 
e.g amorphous carbon, high.y disorder. S^T^SS? * by the "diamond ingredte^ 

crrri and 2000 crrpi in wave number. Si iceto rSvJjKi^.^^ ingredients ,ie betw ^ 1000 

to the degree of disorder. We cannot prede termTnt T 1000 cm " 1 and 2000 cm-i accordlno 

-nts. because we have no informa; 0 nab^ 

the measurement Thus the next highest peak be^ Toon V *?£ of "^^"d ingredients before 
Peak of the non-diamond ingredient Rg's is S Zanl^ 2 °°° ^ Sha » te «™*> red as Z 
' non-diamond ingredients coexist with diamond ^ attenng SpeCtrum of a S ™P'* in which the 

f the rabo of the lso to pe „ C is bigger than thT normt ^ITJ P8S ,2 ° a " d ' 3 ° in 3 ™™* ra«o 

shite toward low wave number ( toward lew J^^^TT. ° f *"* ° f diamond -W« V 

Je peak may slightly shift right or left in the Rarn^n "actuation of the ratio of carbon isotopes 

Xof the peak ofthe non-diamond ingr dints^e^ 

tence between the top of the peak and the pomton ■ baseli wZh ^ b ° defined 33 *• *• 
of d-amond is usual.y superposed on the tail of me peak of me ^nT™ But Since me P«* 

drawn under the diamond peak to eliminate the haX? I non ^ond ingredients, a new base line is 
V of the diamond peak is defined as Z^^^Z? * I" n ° n " diam ° nd peak " *• heigh" 
Afferent in the cases of defining X and Y. V draW " b3S6 ,ina - Theref °™. base lines are 

^ »ZZ 32 JSJ: b ^lr re^ ^ "'^ 1 ^ * — — base ,ines 
Pare the ratio X, / y, near the f*^£^^? Y ^^«*^^**!Z 

me rano x 2 / Y 2 near the fixation surface qualitatively 

I ® Definition by the defect concentration ] 

s UrtaM to », e r«ato, suS «««*««»> »»~«. .lorg .he diradon of tnickj, SS! 
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Apolycrysta,,^^ 

plate having a rake surface and a fixation surface ^'^^esT^cterized in that the half width 

too., the pofycrystanine diamond plate being more t «m ,40 ^^*^ ced ^ rake surface 

( a em-' ) of the peak of diamond in the Raman scat ermg specfrum a :t P ^ me hajf 

by a length less than the shorter of either 30 % of the av rage ti^ckne* or JOj ^ ^ ^ 

width ( pern- ) of the peak of diamond in the H - * * P " 

s nrme a r=h^ 

shall ba measured. The width is the half width a or P of the peak. 



[ Fabrication of a diamond tool ] 
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Tde method for fabdeatlng a demand ^^S* ^^d^SSr"- 
diamond plaid fe grown by the ohemtcal vapor in „» Jga, condnuoaaly or step- 

diamond aleng the direction af KM. **'Z1^ZX) Increasing tha Laity of aad>od la more 
„is. ( either increaaing »f« *^ Besld * 3 *' 

later. Being exalted by soma meana. the mateaal gre » hWissl ,cwnbyFIG.2(b).Tt»<»nai«y 
eachomeronmeaobsWre.Diamondlayer.se^^^^ 

af careen In mamatadal gea is changing " S "^"" Ilhed. ma s U bstrate(6) iaatalted avrey 

earlier than to etch away the substrate. ^ toQ , body ran be made from 

strength. . . . nouu „ olaine d by FIGA The diamond plate has two parallel 

Geometric relation for defining tha .nvenuo ,s now ^ j£ raka surface . As menti0 ned 

surfaces. The free surface distanced far from the The x-axis and y-axis lie on the rake 

before, a three dimensional coord.nate ,s defied on J. rake surface to the fixation surface The 
surface. The z-axis is defined along the d-recfon <«*™*T™i by Z = T, where T is the thickness of the 
rafce surface is denoted by z - 0. ^^^^SSLVi a plane which is the plane nearer to the 
is diamond plate. The first dotted line in the ^ re P gion held by the rake surface and the 

rake aurfaca of either the plane z = 0.3T or the plane z £»£^tJi The laser light irradiates it from the 
first dotted plane is the observation reg.on on the side of the ' 
Lntedgeoftheregion.Theinddent.ight^ 

The second dotted line in the v.c.n.ty of the fixation surface^ s«J P ^ 9urface and ^ 

M surface of either the plane z * 0.7T or the ^^.SS surface" The laser light irradiates it 
second dotted plane is the observation region on the srfe o ^ 
from the front edge of the region. The inaden light* P^ w ™ not be dear yet If the average thickness 
With regard to the partial observation reg.on. the defin.be mayr ^ observation regton is defined 
T of the diamond plate is less than 1 33 u m ( 40 M . m ST*v» P h f ^ 
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regions are put into question in this invention Ann ^ 

When a diamond plate is grown bv th rvr> 
« tration must be changed accordino to i,^! ^ * *" non " dian »nd density and the date.*. ~ 

When d,amond is grown on a smooth substrate th s ^ I rBaSOn wi " be now e «PWn®d hen 
But the free surface which has deposited on iedi "jf 0 * COntact wth substrate fa W^S' 
ragged surface which is inherent to 'the Vv^nl Z£s£T ^ °' "» KSSX 
" ta. of diamond. If the ragged free surface S^SSSS^ T 4 1* '' 8 081,6(1 ^^ctahedranZc! 
surface would be transcribed on the surface of aTS^otV^T^ 808 ' ra " ed 

Liz 63 "! ^ Sha " be hi9h 3t *• end ^^ZiL^T 9 ^ 6 9roWt "' 8ha » monotonously 
os,t,on speed, lowering the cost of growth in canS^^S^SS V f* advanta *" of raising the dep^ 

Besides, the treatment has another advantaoe Th» * . 
nmng of the crystal growth. According to ^Zts^XclT^™ is sma » 

larger. Thus the rake surface has smal.er gJE^^SSJJ "T^ 9ra '* n Size of «*« "ecomls 

I Production of diamond layer ] 

©hydrogengaT"' " ^ * *" CV ° metn0ds ' *• -tens, gas includes ; 
® carbon-containing gas mpfhana 

Mtajgh alcohol and acetone are liquid at room (JwZZ Z "* " 1 ' POrt2s,d ™» b8 as gas ®. 
can be vaporized by bubbling them w«h bydmgen g a 5 ' "* hea " n9 ' °< h ^- >»» 

n. S^%«r„ £ SLWSSSS K£Sr ,enon -—>-»». — 

«» ran, gas increase, the den!% „, " ™ ™° s ' " » bich Ore malenal gas is activated by plasma 

cbaag. ,b. ^ct^erS*,^^ **• - «»- ^ to 

noaaalag to. density ot carbon condnuouSy *' ! °'™ Cti0n «**««• *» ~V «y k 

« two steps i... ta, density at are Idmwato an?T^J? 18 cha "9''"9 the density* carbon 

* in. denaity of carbon win 2. ,splai„X re 9 " *' '«* ste »- typi JexamZ 
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rogen and methane gas ( methane/hydrogen - about 1 % ). me ia« * } , ftb case> 

methane and nitrogen gas ( methane/hydrogen = about the fo le step. if the density 

it is possible that the density of carbon in the latter step ™* *£2 ^increase the defects, 

of nitrogen is enough to cause the segregation of ^"^^^"^^^S^-oiton. so far. How- 
in genera., nitrogen gas has been cons,dered as J^5££ JJ^lS of diamond. A small 
ever^einventorshavenoucedth^ 

[ Advantages of the invention ] 

ing the composition of material gas supplied mto the CVD apparatus, i ne « 
Strength, abrasion resistance, chip resistance adhe = 

The reason why the diamond tool based on ths ^^^^^^^ property overail. 
The diamond plates which have been synthes,zed by the CVD J^S^J^y brok en by an external 

ance. because of the low ngidity. , brasion resistance. Determining the non-diamond den- 

A good tool requires both ch.pp.ng res,stance and abrasion res stan ^ ^ ^ 

sity or defect concentration within some range m the nign abras ion resistance, 

is most suitable properties. The surface which w.11 ^^^^^SS^oihn-. and rigidity are 
However, the toughness should be heightened to n**™*^ same ooject 

reciprocal properties. It is very difficult to tighten ' ^h^es^d * 9 rty ^ ^ 

oentration. Thus, the fixation surface f^^J^^J^Lted^ near the fixation surface 
When an external shock ,s apphed onM ^^J^JX diamond near the fixation surface endows 
will alleviate and absorb the shock by shnnking. The elasticity oi me o a. 

« the diamond tool with high quality invention, the diamond on the rake 

so oreim^morM****^**^ 

abrasion raaisfanc. and adnaal.« ^S,' ^ abrasl o n ^« Mgh 0* 

^.tl w* be m. fully und raced « d. MM. #- "V -» - — * °"* 

* JrafarTc. .0 Ih. aavan* ffem of *. aoawanyina drawn,,. - »*«*■ " 



DOC* <EP 0449571 A1J_> 



0 449 571 A1 



30 



35 



40 



45 



50 



no.3 * . s ^„ a , srjszsss^ss - 9 me — ~ 

7 S 3 schematicai sectional view of a fii ama „♦ ^ ^ 
FIG.8 is a schematicai sectiona S o a m£L C ^ aPParatUS ' 
FIG.9 is a schematicai sectional ViZ of 1 ^ CVD apparahJS - 
FIG.10 is a schematicai section* v^w of a JIT* 9 ° VD 8pparatus - 
FIG.11 is a schematicai view of the Z£Z r CVD apparalua - 

« Mention can ^ 

0>nlament CVD method ( FIG 7 ) 
® microwave plasma CVD method ( FIG.8 ) 
® heat-exciting CVD method (FIG.9) 
» ®heat plasma CVD method (FIG.10) 

Common substrates are used for all t+m 

[ EMBODIMENT © ] Filament CVD method 

sbateo'I) felted" oT^e SS?ia'{l! VaCUUm chamber <"). a susceptor (12) is installed A suh- 
(11 - The elec«rodes(15) penetrate insulators (16) aSa^e^ 

(17) span electrodes (15) Material i* ?• T n ectedto afiIame nt Power source ^11 cn«, m 1 

the inner space of the susoepto, ( 12) (or Z^™™ '">• "ate, (20, hWnKtaito 

99.99 % , n p urit y The temperature f 1 „ ™ " ^* /o ,n P""* > ^d the third was 4N-Re ( rhenium f 
ap~ SSI -rSSSK" - ™° - * - apptted te a" the CVD 

as a earner gas. A part of hydrogen gas passes m """^n gas is mixed win Die oner oaeee 

SHEE-" 'T 10 a ' ^ i ~St3T.,t5 So?' 59 '" - « -EST 

winding eround the pipes. "raing device (59) are enclosed wim tape heaters (61 ) 

y^^^^^T^^^JZT^ T >UbsW « «W «•*«• oondP 
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TABLE 1 CONDITIONS FOR SYNTHESIZING 
DIAMOND BY FILAMENT CVD METHOD 
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Samples A to D are embodiments of this invention and samp.es E to H are comparison examples based 
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on th conventional method in Table 1 . 

In th embodiments A to D and th comparison exam pies E and F, the compon nts of material gas ot 
ratio of the components were changed with time. For xample, in the mbodiment A, the substrate was coat 
in the material gas flow comprising 600 seem of hydrog n gas ( H2 ) and 5 seem of methane gas ( CH4 ) und* 
80 Torr by heating with the tungsten filament at 2150°C for 50 hours at the first step. Then th substrata was 
coated in the material gas flow comprising 600 seem of hydrogen gas ( H 2 ) and 12 seem of methane gas ( CH4 ) 
under 80 Torr by heating with th tungsten filament at 2150°C for 20 hours at the second step. Here ■ seem ■ 
is a simplified expression of a unit of gas flow ■ standard cubic centimeter ■. 1 seem means that 1 cm* of gas 
reduced in the standard state Le. at 0°C under 1 atmosphere flows per minute. The embodiment A changed 
the component ratio of the material gas in two steps. Other two embodiments B and D changed the component 
ratio of the material gas. The embodiment C changed the components or component ratio of the material gas 
in four steps. 

The comparison example E synthesized diamond with the material gas with high density of carbon in a 
single step. The comparison example F synthesized diamond with the material gas with low density of carbon 
in a single step also. The comparison example H changed the component ratio of the material gas in two steps 
in contradiction to this invention. 

In every sample, diamond grew on the substrate. Then the silicon substrate was solved away by a pertinent 
etchant Square diamond plates were obtained. Each diamond plate was metalized and cut along the diagonal 
lines into four isosceles right-angled triangles. 

These diamond plates were mounted and brazed on the tools made of cemented carbide according to the 
processes shown in FiG.2. The free surfaces which had grown at the end of the growth were directly fixed to 
the tools. The surfaces which had grown at the beginning of the growth and were in contact with the substrate 
were assigned to be rake surfaces. The sample tools A to H were estimated by examining the quality of diamond 
by the Raman scattering measurement. Table 2 shows the results of the measurement In table 2, sample 
names, partial layers, thicknesses of the partial layers, total thickness, observation points, ratio ( X/Y ) of the 
peak heights and half width of the peaks are listed. The observation points are denoted by the distance from 
the rake surface as shown in FIG.4. The first layer is a layer nearer to the rake surface and the second layer 
is a layer nearer to the fixation surface in the samples A, B. C. D f E, F, G, H. I and J. ■ Y " is the height of the 
peak of the non-diamond ingredients. ■ X ' is the height of the peak of diamond in the Raman scattering spec 
trum. 
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TABLE 2 RAMAN SCATTERING MEASUREMENT OF THE TOOLS 
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sam 
pie 


layer 


thick 

ness 

of 

layers 


total 
thick 
ness 


obser 

vatlOU 

point 


X/Y 


half 
width 

diamond 




A 


1 


50 


100 


8 


0.01 


5.5 






2 


50 • 




95 


! 0.12 


10.5 


CO 

H 


B 


1 


50 


120 


5 


0.006 


4.2 


2 


70 




111 


0.11 


19 


LxJ 

s: 




1 


5 




7 


0.004 


5.2 


a 
o 

CC 
X 


C 


2 


15 


100 


18 


0.009 


5.7 




3 


50 


65 


0.1 


15 






4 


30 




94 


0.3 


21 




Q 


1 


86 


i 

I0U 


10 


0.005 


4.5 




2 


64 


140 


0.7 


24 




K 


1 


120 


i *u 


10 


0.15 


12.0 






2 


110 


0.10 


10.5 




F 


1 


100 


i nn 


10 


0.005 


4.8 






2 


90 


0.003 


4.2 ! 




G 


1 






10 


0.008 


5.2 


< 

X 




2 


120 


0.005 


4.5 


o 

CO 


(I 


I 


45 


95 


12- 


0.4 


17.0 




2 


50 


90 


0.01 


6.8 


*— 1 

< 
a. 


I 


I 


120 


120 


10 


0.001 


2.8 




2 




110 


0.0009 


2.8 


o 


J 


1 


150 


150 ■ 


10 


0.12 


18.0 






2 




140 


0.12 


18.0 



40 

The samples A to D are embodiments of this invention. The sample E to H are comparison examples which 
have no partial layers, because the material gas had not been changed stepwise as shown in Table 1. The 
sample I is a natural diamond n a fixed on a tool as a comparison sample for the Raman scattering spectroscopy. 

The sample J is another comparison sample. This is a sintered diamond which was made by sintering the 
45 diamond polycrystaJline powder of 10 u m in average diameter including cobalt ( Co ) of 10 volume % under 
high pressure. The sample J was not made by the CVD methods. Since the sample J is a cutting chip with a 
sintered diamond fitted to the tool, it includes high density of the non-diamond ingredients uniformly. 

The observation points are defined by the distance z ( \i m ) from the rake surface as shown in RG.4. The 
layers 1 and 2 are the partial layers caused by changing the components or component ratio in the material 
so gas. Since the side which had deposited at the beginning of the growth was assigned to be a rake surface, the 
steps 1 and 2 in Table 1 correspond to the layers 1 and 2 respectively. As a matter of course, the ratio ( XTf ) 
is smaller near the rake surface in the embodiments. This means that the non-diamond density near the rake 
surface is lower than that n ar the fixation surface. 

Since the comparison xampl E synthesiz d the diamond plate uniformly with the material gas having 
55 high density of carbon, the diamond plat of the sample E includes high density of the non-<iiamond ingredients. 
But the distribution of the non-diamond density is contradictory to that of this invention. 

Since another comparison xampl Fsynth sized the diamond plate with the material gas having low den- 
sity of carbon, the diamond plate of the sample F includes tittle density of the non-diamond ingredients. But 
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AH the embodiments A to D increasAd *h a— * 
treatment, in the grown diamond ££5 dl^K,^ ^ "* ^ ,n accwdanc ® the 

diamond peak in the Raman scattering «Z! S5. n 1 °^ amond ingredients end the half ^ C f toe 
the rake surface to the fixatio^Trface 63888 a '° nfl ** dlrectfon ^Srowth i.e. the dtectton from 

speed for cutting: aoom/min ^ 
depth of cutting: 0 .2 mm 
feed: . 0.1 mm/rev. 

Table 3 CmTOG PERFORMANCE OF TOE DIAMOND 
STNTHESIZED BY FILAMENT CVD METHOD 




50 



55 the A390 cutting VT* ^ Perf0m,anC8 With0Ut in 

diemond ingredient to the ^Z^S^S^t'Sl 1 ? ra ( ^ } * ** P * h8i9ht * of fte n - 
is smailer than the ratio (Xyy 2 ) of the piki3S??^ ■^m-n_«-llrtno «p«*Hm imt d» nk. .urftao. 
the half width ( a cm-i ) ofSe P eek o 'dEl£5fS« ^ Yl ^rfece. or in tthfch 

, me pea* of d.amond in the Raman scattering spectrum near the rake surface is emai- 
ls 
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15 



20 



ior th*n tho h*if width ( fi crrrM of the peak of diamond near the fixation surface i.e. X,/Y. < X2/Y2 a p. 
ler than the half width ( p cnr j ot u.e h*o* y /y 2 XJY, or a a B, were broken down or 

On the contrary, the comparison examples E to J. in which X^/Y, a or a c p, 

^ltS^^7e J i-e- sintered diamond, was not token down. But the average abrasion 
in 90 m t"^S^90 tt m. which Is far larger than M of the embodlment^Since the smtered sample 

als e wide half width of the diamond peak ( more than 10 cm-i ). « far .nfenor in the abrasion reastance 
*"tctn^ 

is also inferior in the abrasion resistance. . nfc onH na rmw half width ( less 

d ™ fo arr:^ 

(,. loM s and the half «id0, of*, paak ia the Raman ^^^Z^l atSaaa othlaa. 
«alym.aon- u n»»m,«yof, U a%b.^^ ^ „ 

by these parameters as follows. 



25 







RAKE SURFACE 


FIXATION SURFACE I 


30 | 










YOUNG' S MODULUS 


higher 


lower 


35 1 










CATHODE(440 nm) 


weaker 


stronger 1 




j LUMINESCENCE 






45 


SIZE OF CRYSTAL 


smaller 


larger J 


50 


HYDROGEN DENSITY 


lower 


| higher 1 
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[ EMBODIMENT ® ] Microwave plasma CVD method 

i- a microwave Dlasma CVD method. RG.8 shows the apparatus. In 
Second, this invention was applied to the microwave piasma 
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a quart cylinder (22). a quartz bar (23) supports a substrate (24) on its top end. From a gas Inlet above f251 
material gas (26) .s introduced into th quartz cylinder (22). Exhaust gas is exhaled from a gas outlet (2nL£L 
A cooling water jacket (28) is equipped around th react! n region of the quartz cylinder (22). A «J2dXS 
generates microwave (33). The microwave (33) propagates through a waveguide (30) to the vldnity of th sub- 
strate (24). The microwave excites the material gaa to plasma or n utral radicals. High density of olasma is 
generated around the substrate (24). H B 

In this embodiment, the waveguide is at right angles to the quartz cylinder and the microwave propagates 
at right angles to the quartz cylinder. However, another geometric relations between the waveguide and th 
quartz cylinder can be chosen as long as high density plasma is induced by the microwave oscillation The shape 
and the size of the waveguide determine the mode of microwave. A plunger (32) carrying a reflector can displace 
in the waveguide (30). Since the frequency of the microwave is predetermined ( e.g.2.45 GHz ) the mode of 
to state SIX*' 0 IS UniqUe ' y detefmined by the p0Sitl0n * * e p,unger 11,8 microw ave CVD apparatus belongs 
Like embodiment 1. the material gas comprises carbon containing gas and hydrogen gas. Preferably mag- 
nets are furnished around the quartz cylinder for generating the cusp magnetic field or the axial magnetic field 
for confining the plasma within a small space near the substrate. 

Teble 4 shows the conditions for synthesizing diamond by the microwave plasma CVD method The sub- 
strates were polycrystalline silicon plates. The temperature of the substrate was monitored by the optical ther- 
mometer. 
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Table 4 CONDITIONS FOR SYNTHESIZING DIAMOND 
BY MICROWAVE PLASMA CVD METHOD 



45 



10 


sara 
pie 


step 


material gas isccm; ' 


lour i 


pressure 1 






1 


Ha 200 Ar 100 CH* 4.5 HaO 2.5 


30 


120 1 


SB 


K r 


2 


H 2 200 Ar 100 CIL» 8 


25 


80 


fa 




1 


H 2 200 Ar 100 CH* 2.0 


38 


100 




L \ 


2 


Ha 200 Ar 100 CIL* 10 


20 


110 


20 




1 


Ha 400 Ar 100 CH* 8 HaO 4 


5 


80 






1 

2 


Ha 200 CH* 6 


12 


40 1 


25 


M 


3 


Ha 200 OU 10 


8 


50 I 






4 


Ha 200 Ar 100 N 2 2 CH* 6 


25 


100 1 


30 


N 


1 


Ha 200 ClU 2 


100 


40 






2 


Ha 200 OU 6 


80 


40 I 


35 


0 


1 


Ha 200 ClU 2 


250 


40 




P 


1 


Ha 200 OU 10 


180 


55 


40 




1 


Ha 200 CH^ 8 


85 


45 1 




Q 


2 


H 3 200 OU4 HaO 0.5 


200 


30 



e.g. H o and Cz- synthesized overall by the material gas with 

'Z'ZZ O changed oon-ponen. «*> * "y m«™ 9 «e 

55 results of the measurements. 
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Table 5 RAPJAN SCATTERING EXPERIMENT OF TEE D1ACTND 
SYNTHESIZED BY KUCROUAVE PLASMA CYD METHOD 




Under sam, conditions as the emhodiment 1. - — toots were elated oy the c**. Per- 
formance test Table 6 shows the results of the cutfng performance test 
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Table 6 CUTTING PERFORMANCE OF THE DIAMOND SYNTHESIZED 



5 




BY MICROWAVE PLASMA CVD METHOD 


10 




SAM 
PLE 


V b ABRASION LOSS ( u a ) 




K 


average abrasion loss in 
90 minute cutting 1 


21u m 


15 


EMBODI 


L 


average abration loss in 
90 minute cutting 


18u m 


20 


MENTS 


M ; 


average abration loss in 
90 minute cutting 


20 u m 






N 


average abration loss In 
90 minute cutting 


22 u m 


25 


COW 

PARISON 
EX 
SAM 
PLES 


0 


1 minute cutting, breakdown by chipping 


30 


P 


average abration loss in 
1 minute cutting 


150 u m 




Q 


3 minute cutting, breakdown by chipping 



From Table 5 and Table 6, all embodiments K to N exhibits high cutting performance without breakdown 
in the A390 cutting test They all have the diamond in which the ratio ( X^t ) of the peak height X, of the non- 
diamond ingredient to the peak height Y t of diamond in the Raman scattering spectrum near the rake surface 
is smaller than the ratio ( XJY 2 ) of the peak height X 2 to the peak height Y 2 near the fixation surface, or in which 
40 the half width ( a cnr 1 ) of the peak of diamond in the Raman scattering spectrum near the rake surface is smal- 
ler than the half width ( p cnrr 1 ) of the peak of diamond near the fixation surface i.e. X^, < XJY 2 or a < p. 

On the contrary, the comparison examples O to Q, in which X,/Yi £ X/fj or a a p, were broken down or 
worn out seriously in a short time. 

45 [ EMBODIMENT © ] Filament CVD and heaNjxciting CVD 

The quality of diamond must be changed at least in two steps in this invention. Different CVD methods can 
be applied to the different steps. Here the first step of deposition was processed by the filament CVD method 
and the second step was processed by the heat-exciting CVD method. 

so FIG.9 shows the heat-exciting CVD apparatus. A quartz chamber (35) is a chamber which can be made 

vacuous. A susceptor (36) stands in the quartz chamber (35). A substrate (37) is mounted on the susceptor 
(36). A heater (38) is furnished around the quartz chamber (35). Material gas is inhaled through a gas inlet (39) 
into the quartz chamber (35). Exhaust gas is exhaled through a gas outlet (40). Since the material gas is excited 
by heat, polycrystallin diamond is deposited on the substrate, being synthesized by the vapor phase chemical 

55 reaction. Preferably the gas containing fluorine shall be added in the material gas in order to synthesize diamond 
at low temperature by the heat-excited CVD method. 

The substrate is a polycrystalline silicon plate of 14 mm x 14 mm x 025 mm. 
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( First step ) conditions .... filament CVD method 

material gas H 2 1000 seem 

5 

C 2 H s 0H 20 seem 

pressure 10 o Torr 

10 

substrate temperature 880 °C 

thickness 80 ^ m 

15 

( Second step ) conditions ( following 1 step ) ... heat-exciting CVD 



method 

20 



material gas 


H* 


1000 seem 




CHaBr 


30 seem 




F 2 


18 seem 




He 


150 seem 


pressure 




100 Torr 


substrate temperature 




200 °C 


thickness 




100 n m 



By the first step ( filament CVD ) and the second step ( heat-exciting CVD ) of the deposition, a diamond 
layer of 180 \i m in thickness was obtained. A tool was made by brazing the metalized and divided diamond 
40 plate on a cemented carbide tool body according to the processes shown in FIG.2. 

The Raman scattering measurement was carried out to the diamond plate. The ratios ( X/Y ) of the peak 
height ( X ) of the non-diamond ingredients to the peak height ( Y ) of diamond and the half widths a and p for 
the first and the second layers are. 

first layer ... ( at the point of 10 \i m distanced from the rake surface ) 
45 Xt/Y, = 0.005 

a = 4.5 cm- 1 

second layer... ( at the point of 165 m distanced from the rake surface ) 

xjy 2 = 0.3 

P = 18.8 cm- 1 

so The ratio ( X/Y ) and the half width were bigger in the second layer made by the material gas with higher 

density of carbon at lower temperature. 

To estimate the cutting performance, a round bar of A390 alloy ( AM 7 % Si ) with four axial grooves was 
cut by this diamond tool under the same conditions as the embodiments 1 and 2, 
speed for cutting : 800 mm/min 
55 depth of cutting : 0.2 mm 

feed : 0.1 mm/rev. 

The V b abrasion loss in 120 minute cutting was 15 \i m. This result shows that this invention is also applic- 
able to the heat-exciting CVD method. 
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[ EMBODIMENT ® ] heat plasma CVD method 

FIG. 10 shows the heat plasma CVD apparatus. On an upper wall of a vacuum chamber (42), coaxial elec- 
trodes (43) is equipped. A susceptor (44) is installed below the electrodes (43). A substrate (45) is mounted 
5 on the susceptor (44). Th inner electrod isacath de and the outer electrode is an anode. Some voltage is 
applied between the anode and the cathode by the direct current power source (46). 

Passing through the gap between the anode and the cathode, material gas (47) is inhaled into the vacuum 
chamber (42) via a nozzle (51). Being ionized to plasma gas by the action of discharge between the electrodes 
(43), the material gas (47) flows toward the substrate (45). Exhaust gas is exhaled from the gas outlet (49) to 
10 a vacuum pump ( not shown in the figures ). 

The substrate is a silicon polycrystal plate of 25 mm x 25 mm x 5.0 mm. In order to change the quality of 
diamond along the direction of thickness, diamond was grown in two steps. 



( first step ) conditions for growth 





. material gas 


H 2 


10 


slm 


20 




cm 


1.8 


slm 






Ar 


30 


slm 


25 


pressure 




200 


Torr 




substrate temperature 




400 


°C 


30 


thickness of growth 




5Q0 


li m 




( second step ) conditions for growth 






35 


material gas 


Ha 


20 


slm 






cm 


5 


slm 


40 




He 


50 


slm 




pressure 




100 


Torr 


45 


substrate temperature 




600 


°C 




thickness of growth 




2400 


u m 



where " slm * ( standard litter per minute ) is a unit of gas flow. 1 slm means 1 1 of gas reduced to the standard 
so state Le. at 0°C under 1 atm flows per minute. 

Total thickness of the diamond was 2900 \x m ( 2.9 nm ). According to the processes shown by RG.2, a 
diamond tool was mad by brazing the diamond plate onto a tool body. The Raman scattering measurement 
was done to the first layer and the second layer. 

The half-widths of the diamond peak were ; 
55 (1)first layer at 30 u m depth from the rake surface a =4.9 cnr 1 

(2)second layer at 2862 n m depth from the rake surface p =13.6 cnr 1 

To estimate the cutting performance of the diamond tool, a round bar made of A390 alloy ( Al - 17 % Si ) 
with four axial grooves was cut by th diamond tool under the same conditions as the embodiments ® , @ 
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and (3), without lubricant, 
cutting speed 800 m/min 
cutting depth 0.2 mm 
feed o.1 mm/rev. 

The V b abrasion loss in 120 minute cutting was 31 \i m. This is a very small loss. This result shows that 
this invention is also applicable to the heat plasma CVD method. 



Claims 



di JL \^ ? * I t0 °' com P n ' sin 9 a too1 b °dy having an edge surface and a polycrystalline 

m! „°? P 3 e , 1 haV '" 9 " ^ SUrfaCe and 8 f5xaUon Surfi,ce bein 9 fi * ed to »• ^Se surface of the tool body 
me polycrysta line diamond plate being more than 40 n m in thickness, characterized in that quality of the 
diamond near the rake surface is better than quality of the diamond near the fixation surface. 

(2) A polycrystalline diamond tool comprising a tool body having an edge surface and a polycrystalline 
diamond plate having a rake surface and a fixation surface being fixed to the edge surface of the tool body 
the polycrystalHne diamond plate being more than 40 u m in thickness, characterized in that the polycrystalline 
diamond indudes non-diamond ingredients and the density of the non-diamond ingredients increases along 
the direction of thickness from the rake surface to the fixation surface. 

(3) A polycrystalline diamond tool comprising a tool body having an edge surface and a polycrystalline 
diamond plate having a rake surface and a fixation surface being fixed to the edge surface of the tool body 
Uie polycrystalline diamond plate being more than 40 n m in thickness, characterized in that the polycrystalline 
diamond includes non-diamond ingredients and the density of the non-diamond ingredients at a point distanced 
from the rake surface by a length less than the shorter of either 30 % of the average thickness or 40 u m is 
smal erthan the density of the non-diamond ingredients ata point distanced from the fixation surface by a length 
less than the shorter of either 30% of the average thickness or 40 jim. 

(4) A polycrystalline diamond tool comprising a tool body having an edge surface and a polycrystalline 
diamond plate having a rake surface and a fixation surface being fixed to the edge surface of the tool body 
the polycrystalline diamond plate being more than 40 n m in thickness, characterized in that the ratio ( X,/Y, ) 
of the peak heightX, of the non-diamond ingredients to the peak height Y, of diamond In the Raman scattering 
specfrum at a point distanced from the rake surface by a length less than the shorter of either 30 % of the aver- 
age thickness or 40 n m. is smaller than the ratio ( X^ 2 ) of the peak height X 2 of the non-diamond ingredient 
to the peak height Y 2 of diamond at a point distanced from the fixation surface by a length less than the shorter 
of either 30 % of the average thickness or 40 ji m. 

(5) A polycrystalline diamond tool comprising a tool body having an edge surface and a polycrystalline 
diamond plate having a rake surface and a fixation surface being fixed to the edge surface of the tool body 
the polycrystalline diamond plate being more than 40 n m in thickness, characterized in that the polycrystalline 
diamond includes defects and the concentration of defects near the rake surface is smaller than the concen- 
tration of defects near the fixation surface. 

(6) A polycrystalline diamond tool comprising a tool body having an edge surface and a polycrystalline 
diamond plate having a rake surface and a fixation surface being fixed to the edge surface of the tool body 
the polycrystalline diamond plate being more than 40 n m in thickness, characterized In that the polycrystalline 
diamond includes defects and the concentration of defects at a point distanced from the rake surface by a length 
less than the shorter of either 30 % of the average thickness or 40 n m. is smaller than the concentration of 
defects at a point distanced from the fixation surface by a length less than the shorter of either 30 % of the 
average thickness or 40 ji m. 

(7) A polyciystalline diamond tool comprising a tool body having an edge surface and a polycrystalline 
diamond plate having a rake surface and a fixation surface being fixed to the edge surface of the tool body 
the polycrystalline diamond plate being more than 40 n m in thickness, characterized in that the half width ( a 
cnr' ) of the peak of diamond in the Raman scattering spectrum at a point distanced from the rake surface by 
a length less than the shorter of either 30 % of the average thickness or 40 u m. is smaller than the half width 
( p cnr 1 ) of the peak of diamond in the Raman scattering spectrum at a point distanced from the fixation surface 
by a length less than the shorter of either 30 % of the average thickness or 40 p. m. 

(8) A polycrystalline diamond tool as claimed in any claim of claim (1) to claim (7). wherein the polyciystal 
diamond plate is brazed to th tool body. 

(9) A polycrystallin diamond tool comprising a tool body having an edge surface and a polycrystalline 
diamond plate having a rake surface and a fixation surface being fixed to the edge surface of the tool body, 
the polycrystalline diamond plate being more than 40 u m in thickness, characterized in that the Young's mod- 
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ulus of the diamond near the rake surface is higher than that of the ^^Zl^^Z^M 

(10) A polycrystalline diamond too. comprising a too. body having an ^ge surface^and > 
diamond plate having a rake surface and a fixation surfac being fixed tot heedge ^ * ™ ™^ 
the polycrystalline diamond plate being more than 40 u m in ^^f^f^^^^ci 
ence oZ diamond near the raka surface is weaker than tat of the d.amond ™*^TaXZ**™ 

the substrate with the material gas with lower dens.ty of carbon h '?her density j « oxyge 
nitrogen in an earlier step, depositing diamond on 

step and with a fixation surface which has grown m the later step. 

includes no oxygen-containing gas in the later step nifr ogen-contaming gas in 
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FIG. 2 (a) 




FIG. 2(e) 



FIG. 2(b) 
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FIG. 2(c) 



FIG. 2 (f) 




FIG. 2 (d) 
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FIG. 11 
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